A nanocomposite solder alloy with 99.3Sn-0.7Cu base alloy was successfully fabricated using the powder metallurgy route which consists of blending, compaction and sintering. Varying amount of nano size silicon nitride particulates were introduced as reinforcements to obtain a novel lead-free nanocomposite solder alloy. Following fabrication, the sintered nanocomposite solder were cut into thin solder disc and were analyzed in terms of their wettability, electrical and mechanical properties. Wettability, electrical and mechanical properties of the nanocomposite solder were compared to 99.3Sn-0.7Cu and 96.3Sn-3.0Ag-0.5Cu lead-free solder which were fabricated with the same method using powder metallurgy route. Wettability property of the nanocomposite solder was found to be in the accepted range with wettability angle below 45° similar to 99.3Sn-0.7Cu and 96.3Sn-3.0Ag-0.5Cu lead-free solder. Besides wettability, the results of electrical and mechanical properties analysis showed that additions of nano size Si 3 N 4 had enhanced the strength and electrical conductivity of nanocomposite solder comparing to 99.3Sn-0.7Cu and 96.3Sn-3.0Ag-0.5Cu lead-free solder.
Introduction
The challenge of keeping pace with emerging microelectronic device technologies has become increasingly difficult especially to maintain and increase solder joint robustness [1, 2] . One of the major factors that play a crucial role in solder joint reliability is the solder material since they provide electrical, thermal and mechanical continuity in electronic assemblies. Moreover, factors such as cost and manufacturability should be considered together in the emerging microelectronic device technology.
Lead based solders have been used for many years as interconnect material for electronic devices. Lead containing solder alloys have been used extensively in the assembly of modern electronic circuits. Many electronic devices, mostly consumer products are considered disposable because of the introduction of newer, faster technologies each year. Hence, these disposed devices generally end up in landfills. There is a concern that lead within the electronic products are considered toxic because there is a potential for leaching from landfills into water sources and becoming a hazard to human health. Even recycling program is not practical because most circuit boards are too complex to disassemble and not cost effective. So, environmental regulations in various countries, most notably in Europe and Japan, have targeted the elimination of lead usage in electronics assemblies. This effort includes banning the selling, importing and exporting of electrical/electronic containing lead within the EU countries. Therefore, it is quite an important issue for the electronic industry to develop viable alternative solders of lead-free solders for electronic assemblies, which can replace the conventional Pb-based solders. Although many Sn- based binary, ternary and quaternary systems are being investigated with improving properties but none of them meet all standards. Nowadays Sn-Ag-Cu, Sn-Cu and Sn-Ag solders are most commonly used lead free solders in place of Sn-Pb solders but none of them has better properties than lead based solders [3] .
In this research, nano-size silicon nitride (Si 3 N 4 ) powder is selected as reinforcement of this novel nanocomposite solder due to its various excellent properties covering chemical resistance, light weight, and excellent mechanical performance at both ambient and elevated temperature. There are minor recent studies related to composite solder but however there is no research yet to be explored on Sn-0.7Cu/Si 3 N 4 nanocomposite solder material. Literature studies revealed that solder properties can be improved by introducing solder composite. Recently, XL Zhong developed a Sn-0.7Cu containing Al 2 O 3 as reinforcement which resulted with the increasing of mechanical properties higher than the conventional Sn-Pb solder but poor thermal properties [4] . S.M.L Nai showed that with titanium diboride (TiB 2 ) and multi-walled carbon nanotubes (MWCNTs) were chosen as reinforcement material to Sn-Ag-Cu solder [5] . Mechanical properties of both composite solder showed overall improvement in mechanical properties.
Experiment Details
Material. In this study, tin (Sn) powder, copper (Cu) powder, silver ( Fabrication of Nanocomposite Solder. The powder metallurgy route was used to fabricate the nanocomposite solder material. Firstly, a mixture of SC were prepared by pre-weighing Sn and Cu powder accordingly. Next, nano size silicon nitride (Si 3 N 4 ) were pre weighed and thoroughly mixed homogeneously together with SC base powder in an airtight container using roller blender rotated at a speed of 200 rpm for 15 hours. SAC solder alloy were prepared with similar method by preweighing Sn, Ag and Cu powder accordingly and thoroughly homogenously mixed. Then, the preferable solder mixtures were uniaxially compacted in a 12 mm diameter mold and the compacted billet was sintered in an inert argon atmosphere at 175°C for 2 hours. Subsequently, the samples were then cut into thin solder discs with a 2 mm thickness using a precision diamond cutter for various characterization studies.
Wettability Test. Solder wettability was determined with respect to the contact angle. The solder discs samples was then placed on a copper substrate with a no clean flux supplied from Qualitek Group of Company and was reflowed using a soldering reflow oven according to the reflow profile that suits the flux material as shown in Fig. 1 . Flux was introduced to remove the possible oxides resulted from oxidation in both solder and substrate. The contact angle of the solder sample was then measured using J-Image software. Fig. 2 shows a representative image of the measured contact angle of the solder sample on copper substrate. Electrical Conductivity. Electrical conductivity results were obtained by measuring the resistivity of the solder samples. With the same diameter and thickness of sample, the resistivity of the solder materials were obtained using Hioki LCR meter.
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Mechanical Behavior. The hardness value of samples were obtained using Vickers microhardness test machine. The hardness tests were conducted on flat polished solder samples. These tests were conducted with an indentation load of 10 gf and dwell for 10 s. There is a correlation between hardness and tensile properties which consists of Eq.1 and Eq.2 [11] . From Vickers hardness value obtained, value of its yield strength and ultimate tensile strength were calculated using equations respectively. σ y = -14.7 + 2.568 Hv (MPa) (1) σ UTS = 65.8 + 2.563 Hv (MPa) (2)
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Results and Discussion
Wettability Test. Wettability is the most important characteristic for soldering, as it plays an essential role in ensuring good bonding between the solder material and the substrate in which it is also an important issue in reliability of electronic packaging [2, 9] . Wettability is generally described by the contact angle after soldering process. Generally, the accepted contact angle for the wettability is below 90°C. The lower the contact angle, the better wettability the solder material has. Solder wettability results in Fig. 3 
Resistivity.
Resistivity is how well a material resists the flow of electric current through it. The inverse of resistivity is known as conductivity, which refers to how well a material can conduct electric current through it. In other words, lower resistivity means higher conductivity, which is good for a solder. The resistivity results as in Fig. 4 shows that the addition of nano size Si 3 N 4 as reinforcement, the resistivity decreased when compared to SC type of solder. However, the resistivity of SC-0.25 and SC-0.5 is slightly higher than the commercially used solder of SAC. SAC, which have a lower resistivity compared to SC is due to the presence of Silver (Ag) in it, where silver exhibit low resistivity. But however, from these results, value of SC-0.25 and SC-0.5 are still comparable with the resistivity of SAC. Hence, the resistivity of SC-0.25 and SC-0.5 solder in this study can be accepted. 
Conclusion
In the present study, 99.3Sn-0.7Cu lead-free solder, 99.3Sn-0.7Cu/Si 3 N 4 lead-free nanocomposite solder and 96.3Sn-3.0Ag-0.5Cu lead-free solder were successfully fabricated via powder metallurgy route. Wettability results show an improvement with the addition of reinforcements in the solder matrix. However, the wettability of 99.3Sn-0.7Cu/Si 3 N 4 nanocomposite solder results slightly lower than 96.3Sn-3.0Ag-0.5Cu lead-free solder. Although the wettability of 99.3Sn-0.7Cu/Si 3 N 4 nanocomposite solder is lower, the wettability of this novel nanocomposite solder is still in the acceptable value for soldering application. In the other hand, electrical test did showed that with the addition of nano size Si 3 N 4 as reinforcement, the resistivity decreased when compared to 99.3Sn-0.7Cu lead free solder. Overall, the mechanical properties of 99.3Sn-0.7Cu/Si 3 N 4 nanocomposite solder showed an improvement with the additions of the reinforcement percentage. In comparison to the 96.3Sn-3.0Ag-0.5Cu lead free solder, the 99.3Sn-0.7Cu/Si 3 N 4 nanocomposite solder with 0.5wt% of reinforcement resulted in superior mechanical properties.
